This review has highlighted -without claiming to be exhaustive -the recent trends in fish feed ingredients, started with the problems of fish meal and fish oil. The possible alternatives were presented and evaluated as replacement of FM in finfish diets. Current alternative feed ingredients are complimentary. Feeds that include several ingredients are more balanced and reduced the ANFs of each separate ingredient, what leads to better growth rates and animal health. Currently, vegetable-based sources like soy are dominating issue of the fishmeal replacement. By high level of processing and using novel techniques the digestibility and nutrient availability can be enhanced. There is room, however, for certain novel ingredients, such as algae-and insect-based feeds to gain a larger share of feed ratios in aquaculture. Yeasts and their derivatives are used by choice as alternatives for antibiotics. Processing of wood raw materials into a protein-rich components are also very promising ingredients for fish feeds. Many times, we have to use pre-and probiotic compounds, feed additives to enhance the utilization, palatability of the alternative ingredients. Maintaining good health and welfare of fish is vital to be sustainable and cost effective.
INTRODUCTION
Fish farming is commonly described as being extensive, semi-intensive or intensive. Continuous growing of aquaculture sector (around 8 % per year) led systems to be more and more intensive. In intensive farming, the fish are kept at high stocking density, that's why the fish are dependent on the feed provided. Last decades aquaculture became more and more effective, but it has not been without concern for natural resource use, environmental impact and social judgement. Increasing fishmeal (FM) cost, irregular supply, decreasing availability, and poor quality of FM have put forward highlighting on its partial or complete substitution with other alternative protein sources. The fish feed industry has to be very responsible about to use FM alternatives. Scientists have to share on this burden to achieve sustainable, cost-effective aims. Indicators of sustainability in aquaculture could be energy efficiency, use of water, nutrient utilisation efficiency and production costs. The climate change is also affecting the sector, such as the predicted changes in ocean circulation pattern might also have a negative influence on the reliability of small pelagic stocks that being utilized for FM production. Appearance of mycotoxins or other dis- eases on terrestrial plants can affect negatively the potential alternative ingredients. Due to lots of investment and research in feed formulation promotion of non-marine ingredients resulted that these goods can provide the adequate nutrients for fish to achieve successful growth and still remain healthy. Significant progress has been made over the past decade in reducing levels of FM in commercial feeds for farmed fish. Some obstacles associated with plant-based protein diets are: amino acid imbalances and deficiencies, high levels of indigestible carbohydrates present in certain grain products, and varying antinutritive factors (ANFs) that negatively affect fish growth and health. Animal protein ingredients are also shown as possible replacements.
In this study the recent trends in alternative fish feed ingredients had been reviewed shortly. In conclusion, complete replacement of fishmeal in fish feeds is more difficult and will require further research efforts to achieve the expected goals, but there are many auspicious alternatives, what are illustrated here.
History of fishmeal-based diets
Fish meal and oil are easily digestible products used in fertilizers (López-Mosquera et al., 2011) and animal feed, ranging from livestock to aquaculture. Fish meal is a coarsely ground powder made from the cooked flesh of fish (Miles and Chapman, 2015) . Though formerly important as a fertilizer, fish meal is now primarily used in animal feed. Certain species of oily fish, such as menhaden (Brevoortia and Ethmidium), anchovy (Engraulidae), herring (Clupeidae) and pilchard (Sardinae) are the main source of FM and its companion product, fish oil.
The first fish feed factories were established and started to developin the end of the 19 th century. In the 1940's, feed producers started to make complete semi-dry diet mixtures, what contained FM. They had problems with carry over disease contaminations, what effected fish stocks as well. Cooking extrusion is the most recent development in pelleted fish feed manufacture. These pellets are formed by extrusion of a moist mixture (20-24 %) followed by drying to reduce the moisture content to 10% or less. In the development of modern aquaculture, starting in the 1970s, FM and fish oil were key components of the feeds. These feeds are formulated nutritionally balanced to promote rapid growth, good health and welfare, according to the farmed species' needs.
Concerns are being raised about the negative consequences on world fishmeal production of overfishing, and negative effects caused by climate change (Soliman et al., 2017) . Fish feed accounts could be over 50 % of the total fish production cost (Rana et al., 2009) . FM price in 2030 in real terms would increase by 29 % (Figure 1) (OECD/FAO, 2017; The World Bank, 2013) . If aquaculture consumes wild fish in the form of fishmeal and fish oil at higher amounts than what is produced, then aquaculture is a net consumer of fish, not a net producer, what is not sustainable (Hardy, 2010) . Currently, a lot of studies have been conducted to assess the partial or complete substitution of FM in fish feeds (Kaushik et al., 1995; Montero et al., 2003 and Moutinho et al., 2017; Webster et al., 1992) . 
Perspective fish feed alternative ingredients

Terrestrial plant products and by-products
The most important protein supplements of plant origin are the oilseed meals, produced from the cake remaining after oil has been extracted from soybeans, cottonseed, canola, peanuts, sunflower seeds (Halver and Hardy, 2002) . Plant protein sources with a low degree of processing are inexpensive and readily available, but their use for carnivorous fish is limited by the presence of starch and structural carbohydrates, and a wide variety of antinutritional factors (ANFs) (Øverland et al., 2009) . The most dominant ANFs in terrestrial plant products are protease inhibitors, lectins, phytic acid, saponins, phytoestrogens, antivitamins, allergens, tannins, gossypol, glucosinolates (Francis et al., 2001) . Currently soybean meal (SBM) is the most used alternative of fish meal due to its competitive nutrient composition, relatively good amino acid profile, easy accessibility and low price (Gatlin et al., 2007) . However, SBM based diets causes in many fish species negative effects on digestibility, nutrient utilization, growth performance (Booman et al., 2018; Kaushik et al., 1995; Urán et al., 2008; Zhang et al., 2018) . The ANFs in soybean meals caused enteritis in such cases (Knudsen et al., 2008; Krogdahl et al., 2015; Marković et al., 2016; Nayak, 2010; . SBM has been the predominant form of soybean used and is available either as de-hulled (~ 48% crude protein) or with hulls added (~ 44% crude protein) (NRC, 2001) .
Cottonseed meal (CSM) is a by-product of the cotton fiber and cottonseed oil industries. CSM has approximately 41.7 % crude protein content and this is the third leading seed by weight used (Gatlin et al., 2007) . However, the major problem associated with CSM use is the toxicity of the gossypol (Rinchard et al., 2002) . On the other hand there are other concerns of CSM as a protein source, because of its low levels of lysine and methionine, and high crude fiber level (Cheng and Hardy, 2002b) . In case of channel catfish (Ictalurus punctatus) researchers reported that gossypol is a strong natural antioxidant and had received much attention due to its biological activities, such as it improved immune responses and disease resistance (Yildirim et al., 2003) .
Canola and rapeseed are both names on the plants Brassica napus and Brassica campestris. Canola meals, resulting from oil extraction processes, contains about 35% crude protein and 12% crude fiber . Because of a relatively high content of crude fiber and phytate, canola has a limited use for carnivorous fish (Drew et al., 2007) . The use of rapeseed meal as an animal feed is limited by the presence of ANFs (Davies et al., 1990) .
Peanut meal (PM) is a by-product obtained from oil extraction of the whole or broken peanut seeds and it has variable chemical composition with an average content of 45.6 % crude protein (Batal, et al., 2005) . For many fish species PM is deficient in lysine (Lim, 1997) . Peanuts often contaminated with the fungus, Aspergillis flavis, which produces aflatoxin (Bezerra da Rocha et al., 2014; Marroquín-Cardona et al., 2014; Richard, 2007) .
Sunflower meal (SFM) is produced from the oil cake after oil extraction from dehulled sunflower seed. SFM is highly palatable for fish and it has low antinutritional factors . It has low levels of lysine and it has high levels of fibre (18-23%) and lignin (Mérida et al., 2010) . Sunflower meal showed good digestive utilization of protein, even though the digestible energy was low due to the carbohydrate fraction (Sanz et al., 1994) . DDGS (Dried Distiller's Grain with Solubles), a by-product from bioethanol production, has high amounts of energy, medium protein (~30%), digestible fibre and accessible phosphorous enable the preparation of sustainable fish feeds with a high nutritional value (Gatlin et al., 2007) . Moreover, DDGS has an additional advantage over other plant feed ingredients, namely its lack of ANFs (Makkar, 2012) .
Protein concentrates from various sources such as soybean, pea, rapeseed, sunflower, as well as corn and wheat gluten can be competitive alternatives of fish meal (Collins et al., 2013; Escaffre et al., 1997; Øverland et al., 2009; Torstensen et al., 2011; Thiessen et al., 2004; Wu et al; 1995) . These advanced products have reduced ANF content, increased digestibility than their origin plant.
Micro and macro algae
Algae can be differentiated (by the body size and structure) either to microalgae (with algal bodies that need microscope to be observed) or to macroalgae (large enough to be seen with unaided eye) (Yakoob et al., 2011) . Microalgae can grow in both fresh and marine water as well as in almost every environmental condition on earth from frozen lands of Scandinavia to hot desert soils of the Sahara (Safi et al., 2014) . Algae have been considered potentially viable alternative feed ingredients for aquaculture. Macro and micro algae have been used as dietary supplements to enhance the health and nutritional performance of a range of farmed fish species (Güroy et al., 2011) . Algae have attractive properties as a candidate to replace meals, because they are rich in protein and carbohydrates, which are necessary components in human and animal diets. Algae also contain a high percentage of lipids, which are crucial in aquaculture diets (Table 1) (Maisashvili et al., 2015) . Algae can produce a number of biomolecules including astaxanthin, lutein, beta-carotene, chlorophyll, phycobiliprotein, Polyunsaturated Fatty Acids (PUFAs), beta-1,3-glucan, and pharmaceutical and nutraceutical compounds (Yaakob et al., 2011) . Omega 3-fatty acids like eicosapentanoic acid (EPA) and docosahexaenoic acid from microalgae have therapeutic importance. This is found in fish oil and microalgae. In microalgae it is found in the classes of Bacillariophceae (diatoms) Chlorophyceae, Chrysophyseae, Cryptophyceae, Eustigamatophyceae and Prasinophyceae. This product from algae is superior over fish oil in not having off flavors, is more pure, has a low cholesterol content and is inexpensive (Belarbi et al., 2000) . The protein content of marine algae differs according to the species. Generally, it is low for brown seaweeds (3 -15% of dry weight), moderate for green algae (9 -26% of dry weight), and high for red seaweeds (maximum 47% of dry weight) (Fleurence, 1999 macro algae, the red algae seems to be the most suitable source for animal nutrition because of their relatively high protein content and structurally diverse bioactive compounds with great pharmaceutical and biomedical potential (Fleurence et al., 2018) . 
Single cell proteins
The term single-cell protein (SCP) is used to describe protein derived from cells of microorganisms such as yeast, fungi, algae and bacteria which are grown on various carbon sources for synthesis (Ritala et al., 2017) . The production of SCP has important advantages over other sources of proteins, such as its considerably shorter doubling time, the small land requirement, and the fact that it is not affected by the weather conditions (García-Garibay et al., 2015) . Studies have shown that yeasts, like Saccharomyces cerevisiae, Candida utilis and Kluyveromyces marxianus have favourable amino acid composition and good protein source (40-50 %) (Shurson, 2018) . Besides this, yeasts have numerous beneficial effects on fish, such as these ingredients are improving weight gain, stimulating the antioxidant defence system and digestive enzymes (Carvalho et al., 1997; Kiron, 2012; Pohlenz and Gatlin, 2014) . The common sources of β-glucan are derived from the cell wall of baker's yeast S. cerevisiae and the most important among all are β-1,3 and 1,6 glucan (Meena et al., 2013) . The commonly used prebiotics, the mannanoligosaccharides (MOS) are rifield et al., 2010) . Yeast derived from processing of low-value and non-food lignocellulosic biomass is a potential sustainable source of protein in fish diets (Kumar et al., 2008; Øverland and Skrede, 2017) . SCP can be produced using the residual stream from the forest industry. This offers an attractive concept of turning forest raw material into a protein-rich component in fish feed (Alriksson et al., 2014) . Microbes can be used to ferment some of the waste materials, such as vegetable and fruit wastes, food-processing wastes, and residues from alcohol production (Wadhwa and Bakshi, 2016) .
Animal by-products
Animal by-products are derived from the meat-packing, poultry processing and rendering industries (Abdel-Warith et al., 2001) . Since the bovine spongiform encephalopathy (BSE) crisis meat and bone meal (category 1-2) cannot be used as feed material. The protein content of these products after drying ranges from 50 to over 85% (Halver and Hardy, 2002) . These animal protein ingredients are good, but even not enough sufficient sources of amino acids with high protein content, total digestible dry matter and energy similar to fish meal, and besides this are comparatively less expensive (Badillo et al., 2014; Fowler, 1991; Sealey et al., 2011; Shapawi et al., 2007) .
Processed animal protein (PAP) is a complete feed material with a high nutritional value produced from animal by-products (category 3), i.e. the part of animals (bones, offals, etc.) coming from non-ruminant animals controlled as fit for human consumption at the point of slaughter. Supplemented rendered animal protein for fish, can be an appropriate alternative protein source to replace partially the fishmeal (El-Sayed, 1998; Havasi et al., 2015; Kumar et al., 2016) .
Poultry by-product meal (PBM) is also considered as proper replacement for FM. PBM has lower ash content such as FM, what is desirable in fish feeds, because it contributes to Phosphorous levels in fish farm effluents (Cheng and Hardy, 2002a) . High inclusion of PBM is also able to reduce the growth performance (Nengas et al., 1999; Abdel-Wraith and Davies, 2001) , but positive effects also had been reported (Yones and Metwalli, 2015) .
Whole blood meal (WBM) and haemoglobin meal (HM) are very good protein sources (WBM ~ 80%; HM ~ 95%) with high level of lysine. High levels of histidine and low quantity of isoleucine may be limiting factors of blood meal inclusion (NRC, 2011) . Due to haemoglobin, the high iron content in blood meal limits inclusion, because of oxidation of astaxanthin and/or overload of iron in the fish (Rørvik et al., 2003; . Due to technological improvements feather meal became more and more digestible for fish with ~ 77% crude protein, what made it to be alternative ingredient (Bureau et al., 2000; Davies et al., 2009; Sugiura et al., 1998) .
Insect meals
About 70-75% of all animal species living on earth are insects and, together, they play an important role in recycling materials in the terrestrial biosphere (Katayama et al. 2008) . They grow and reproduce easily, have high feed conversion efficiency (since they are poikilotherm) and can be reared on biowaste streams (Makkar et al., 2014) . Their further benefit is that they could serve as a more environmentally friendly alternative for the production of animal protein from the perspective of greenhouse gases and NH3 emissions compared to the conventional livestock (Oonincx et al., 2010) . However, the commercialisation of this resource has surprisingly just started in the last decade and is still in its very infancy (Tschirner and Kloas, 2017) .
Insects' pupae, larvae, or adults can be consumed by other farm animals such chickens, cattle, fish, etc. (Katayama et al., 2008) . One of the most intensively investigated species for fish feed production is Hermetia illucens (Diptera: Stratiomyidae) or Black Soldier Fly (BSF) (Henry et al., 2015; Rumpold et al., 2016; Tschirner and Kloas, 2017) . Although insects generally present some characteristics that do not match with the fish meal, the amino acid profile of the Diptera shows that this group of insects could be a possible alternative protein source to be used in aquaculture (Barroso et al., 2014) . Two other promising candidates in term of fish nutrition are mealworms and maggots (Henry et al., 2015) .
From the nutritional point of view, depending on species and/or stage, insects are rich in protein and lipids; nevertheless, the presence of chitin a priori indicates a negative characteristic. However, chitin also is present in crustacean, which are widely consumed by fish (Barroso et al., 2014) . Its potential as fish meal replacement is furthermore limited by its fatty acid composition that was of minor value compared to fish meal (Rumpold et al., 2016) . This limitation could be reduced by supplementing the fly larvae with omega-3 fatty acids via fish offal (St-Hilaire et al., 2007) . However, when insects (mealworm, maggots, BSF) were fed whole to fish, they usually compared positively with control fish usually fed low quality commercial pellets. The partial replacement with insect meal seems possible, mainly for herbivorous/omnivorous species, (Henry et. al., 2015) . Nevertheless, more studies are needed to know the digestibility, chitin content and digestive effect, presence of toxic, meal treatments (such as degreasing), adequate mixtures of different insect species or to modify the nutritional value of insects by changing their diet or rearing condition. The great variety of insect species, habitats, development stages, feeding habits and other characteristics most likely affects insect nutritional value and makes insect meal very interesting to study as an alternative to fish meal (Barroso et al., 2014) .The palatability of the insect meals containing diets is good and that these alternate feed resources can replace soybean and fishmeal in the diets of livestock and fish species (Makkar et al., 2014) .
Conventional selection index resulted huge benefit in past, animals were selected based on phenotypic variation. However after some period of time when the methodology reached its maximum potential new procedures became widespread.
Best Linear Unbiased Prediction (BLUP) is a method that substitutes conventional phenotypic measurements in the selection index. It is more precise and accurate in prediction genetic potential of animals, taking into consideration the relationships among the animal and the influencing environmental factors. BLUP allows comparing animals merit within different farm with different environment, which is impossible to do with conventional methods.
Economic methodology in constructing selection index is the method by which we evaluate the economic value of each trait and get so called economic weights. This coefficient can be used to calculate aggregated breeding value thus profit can be maximized in the procedure of selection.
